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Revision ID: 


Item Name: Sale RH | seo HANNA 


Start Date: — 11/9/2009 — Start Qty: 10.00 VA Cust Item ID: 
Required Date: 11/13/2009 Req'd Qty: 10.00 (LL Customer: 
Reference: de 
; | ! seere NN 
Approvals: Process Plan: IME Date: OO-} 1-04 Tooling: Date: 3 dde S 

ac: Date SPC Date: NE N 
Sequence ID/ Operation Set Up/ Draw Draw Plan Accept Reject Reject Insp. 
Work Center ID Description Run Hours | Number Rev. Code Qty Qty Number Stamp 


| Draw Nbr Revision Nbr Å 
| D291 8 Rev B 


100 0.00 = P 
HAAS CNC VERTICAL MACHINING £1 
imm ee se 


Memo 
HAAS CNC vertical machine #1 Program batch number IMachine Step No 1 as per Folio FA440 and visually 
inspect as per Dwg D2918 & attached Dimension SheetC Machine Step No 2 as 
per Folio FA440 and visually inspect as per Dwg D2918 & attached Dimension 
SheetO Machine Step No 3 as per Folio 


110 0.00 Ark A. 


NAA A Oll CO SENSE 
Mill Conv Memo 0.00 ~ 
Conventional Milling Machine Machine Keyway and inspect per Dwg D2918 & attached dimension sheet 


120 QC2- Inspect parts off machine FAI/FAIB l 0.00 DAD 09% 
HA 


Memo 0.00 Bud en, Gr sta uA 


Quality Control 


Dart Aerospace Ltd | 
WORK ORDER CHANGES 


Approval 
| DATE | STEP * Te PROGEDUREGHANGE = Te PROGEDUREGHANGE = Qty | chietengs | Approval 
Prod Mar nspector 


Part No: D XAI- PAR H: — Fault Category: mme NCR: C No DQA: "Å Date: 2P 
Resolution: Acceplef: Disposition: 22 ^s. QA: N/C Closed: | Date: o3-//-27 
WORK ORDER NON- CONFORMANCE (NCR) 


Corrective Action Section B TIRE 
Description of NC . - Verification | Approval | A 
DATE | STEP = A Initial Action Description Sign & Section C pe Eng | Q 
Chief gà Chief Eng ay A 
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MemiD: D29182 Rep KK seee seee NA 
Revision ID: B : 
leni Name: Saddle RH stop AN 
Br : 
Start Date: — 11/9/2009 — Start Qty: 10.00 HE Cust Item ID: 
Required Date: 11/13/2009 Req'd Qty: 10.00 HA Iil Ill Customer: 
Reference: 
EE 
Approvals: Process Plan: Date: 1 Tooling: . Date: 
ac: Date: SPC (WIN: Date NE I 
Sequence ID/ Operation Set Up/ Draw Draw Plan Accept Reject Reject Insp. 
Work Center ID Description Run Hours Number Rev. Code Qty Qty Number Stamp 
130 QC8- Inspect parts - second check 0.00 ED y 
KARA ae AAA 
QC Memo 0.00 
Quality Control 
140 Chemical Conversion Coat per QSI005 4.1 0.00 gu eq el e i 
HAN | = E 
HandFinish Memo 0.00 > : 
Hand Finishing 
150 White Gloss(Ref:4.3.5.1) per QSI005 4.3-Alum 0.00 
ANT 148 
mmu ca æ >N oler F 
Powder Coating START TIME: EN Ó ^4 DOVEN TEMPERATURE: 
5 INISH TIME: 320 9— 


Dart Aerospace Ltd 


Approval | Approval 
Chief Eng / QC I 
Prod Mgr nspector 


Part No: PAR #: Fault Category: NCR: Yes No DQA: Date: 


Resolution: Disposition: QA: N/C Closed: Date: 
WORK ORDER NON-CONFORMANCE (NCR) . 


DATE | STEP Description of NC Corrective Action Section B Verification 


Section A Section C 


* NOTE: Date & initial all entries 
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Item TD: D29182 Accepi AT seee eae — OA 
Revision ID: B 


Item Name: Saddle RH sop (FV 
Start Date: 11/9/2009 — Start Qty: 10.00 VA Cust Item ID: 
Required Date: 11/13/2009 Req'd Qty: 10.00 HI Customer: 
Reference: 

E 
Approvals: Process Plan: Date: Tooling: , Date: i 

oc: Date: SPC (WIN: Date: NE ANNA 

Sequence ID/ Operation Set Up/ Draw Draw Plan Accept Reject Reject Insp. 
Work Center ID Description Run Hours Number Rev. Code Qt Qty Number Stamp 
160 QC3- Inspect Part Finish 0.00 ; Vid /- AS D 
ANA A JI 09 a, 
QC Memo 0.00 
Quality Contro! 
170 Identify as per dwg & Stock Location: 0.00 ; 4 i 
mn - ” ARE, 
Packaging 


180 QC21- Final Inspection - Work Order Release 0.00 | i > 
AO O 02 MaS 
Qe Memo 0.00 


Quality Control AMÉ 


Dart = Ltd 


WORK ORDER CHANGES 


Approval 
Chief Eng / Approval 


Prod Mar QC Inspector 


Part No: PAR #: Fault Category: NCR: Yes No DQA: Date: 


e Disposition: QA: N/C Closed: Date: 
WORK ORDER NON-CONFORMANCE (NCR) 


Corrective Action Section B 
Description of NC - == Verification Approval Approval 
Chief Eng Chief Eng Date 


* NOTE: Date & initial all entries 
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Work Order ID: 53428 


NAA 


Parent Item:  D2918-2RevB AG AA O T 

Parent Item Name: Saddle RH Start Date: 11/9/2009 Required Date: 11/13/2009 
Comments: Start Qty: 10.00 Required Qty: 10.00 
Component Item ID/ Replacement Mfg/ Bin Primary Last Route Unitof | Qtyon Remaining Qty Date Status 
Item Name Item ID Purch Item Location Location Seq ID Measure Hand Qty To Pick Issued Issued 
D6102-011RevD Manufictured 100 Each 14.0000 — 10.0000 


HM NA 


Saddle Billet 


LI 


Warehouse Loc Oty Loc Code 
Location 


Main Warehouse 
MAT 14 
52068 14 


ak ool if rg 


Dart Aerospace Ltd 


WORK ORDER CHANGES 


DATE | STEP PROCEDURE CHANGE 


Part No: PAR +: | Fault Category: NCR: Yes No DQA: Date: 


Approval 
Qty | Chief Eng/ Approval 
Prod Mar nspector 


Resolution: Disposition: QA: N/C Closed: Date: 
WORK ORDER NON-CONFORMANCE (NCR) 


T Corrective Action Section B er 
Description of NC — å — 3 Verification | Approval | Approval 
DATE | STEP Section Å Initial Action Description Sign & QC Inspector 
Chief Eng Chief Eng Date 


* NOTE: Date & initial all entries 
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DART AEROSPACE LTD Work Order: | 4245s — | 
TES MS 

Description: Saddle RH Part Number: D2918-2 
AS FENGER 

Inspection Dwg: D2918 Rev. B o Page 1 of 1 


Inspect dimensions highlighted on inspection sheet drawing and record below: 


Recorded Actual Dimensions 


(2 lo 
/.22^224 | 
20 |.266 l-2 
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|. #43 | 
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MN DO DS y 
4 IO [yd SOE LER RE 
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3.495 
7.990 


| Date | g 
04.08.12 New Issue 
04.09.20 | Added DT8683 & DT8682 

C 08.11.27 
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WORK ORDER CHANGES 


W/O: 
Approval 
DATE | STEP PROCEDURE CHANGE Chief Eng / 


Part No: PAR +: Fault Category: NCR: Yes No DQA: Date: 
Resolution: Disposition: QA: N/C Closed: Date: 


Corrective Action Section B 


DATE | STEP Description of NC 


Section A 
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DART AEROSPACE LTD Work Order: [53020 | 
RA PEEL 

Description: Saddle RH D2918-2 
PACA ee 

Inspection Dwg: D2918 Rev. B po» .Pageiofí | 


Inspect dimensions highlighted on inspection sheet drawing and record below: 


i : Go/No Go 
Dim Min Gauge 

A 0.090 

B 0.175 | 0.205 


Recorded Actual Dimensions 
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Accept/Reject 

San of’ 
Audited by Af |] 
| | Date] OPA Pd Late LOM fr: fF 


[Change — revised by [Approved | 
[New Issue — — — 7 o Ta I — ë 
Added DT8683 & DT8682 [KJØLM a | .7 | 
Added dimension 'AB,AC', Revised Dimension 'R' KJIJLM LT CZ7/ | 
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Approval 
DATE | STEP PROCEDURE CHANGE Chief Eng / 


Part No: | PAR +: Fault Category: NCR: Yes No DQA: Date: 
Resolution: Disposition: QA: N/C Closed: Date: 
WORK ORDER NON-CONFORMANCE (NCR) 


-— Corrective Action Section B O 
Description of NC — å —— : Verification | Approval | Approval 
Chief Eng Chief Eng Date 


NOTE: Date & initial all entries 
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DART AEROSPACE LTD Work Order: 
En AS 
Description: Saddle RH 
Fr EIA. 
Inspection Dwg: D2918 Rev. B | [ Pagetof1 | 


Inspect dimensions highlighted on inspection sheet drawing and record below: 


| A 0.110 1:09S |-64/ | 
ce 0470 .]0205| —  — Lez EA. T] — p "v. 
| D |Ro470(0530| ^ — |.5206 1.500 | 1 | | |] . | 
| E [0740 |0760| — ^ — |-?60]|-760 | . | pop | 
p e porr oarl  — —.292 | 39r |-— - |.— OA 
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[Po Mo uns] — — "2108 117061 == 4 
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Audited b 
| Date: | 
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WORK ORDER CHANGES 


Approva! 
| DATE | STEP PROCEDURE CHANGE 0000 CHANGE Qty | chiefengs | APProval 
Prod Mar QC Inspector 


Part No: PAR #: Fault Category: NCR: Yes No DQA: Date: 


Resolution: Disposition: QA: N/C Closed: Date: 


NER WORK ORDER NON-CONFORMANCE (NCR) 


Corrective Action Section B 
Action | eee | 
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R0.50 (TYP) 


0.100 x 45° CHAMFER 
(AROUND THIS SURFACE, TYP) 


+0.005 
60.43870'000 
(TYP 4 PLACES) 


3.500+£0.005 


8.000 


RO.57 (TYP) 
VIEW B-B 


D2918—1 LH SADDLE (SHOWN) 


RO.50 
D2918-2 RH SADDLE (OPPOSITE) 


+0.020 
NOTES: R2.0007 6960 
1) MATERIAL: ALUMINUM 6061—T6/T651 PER QQ-A-250/11 
2) FINISH: CHEMICAL CONVERSION COAT PER DART OSI 005 4.1 


POWDER COAT GLOSS WHITE (REF 4.3.5.1) PER DART QSI 005 4.3 
3) BREAK ALL SHARP EDGES 0.010 TO 0.020 


4) TOLERANCES ARE PER DART QSI 018 UNLESS OTHERWISE NOTED. 
ZEN, 5) ALL DIMENSIONS ARE IN INCHES 


6) ENGRAVE PART AND BATCH NUMBER IN THIS AREA TO MAX DEPTH OF 0.010 
7) ENGRAVE DART LOGO TO MAX DEPTH OF 0.015 WITH MIN RAD 0.125 


ai 


RO.50 


RO.063 
A/A 0-060 (REF) CP) 


CHAMFER 0.033 x 45° 
(2 PLACES) 


2.050+9:005 DETAIL C 
RO.025 å 190.000 CHAMFER 0.063 x 45' 
(TYP) (ALL AROUND) 
0.760+9-993 


ADD 0.362, 0.187, 0.060, CHAMFER; 
07.02.19 ADD DETAIL C; RO.188 WAS R0.30; 
DETAIL C A 
E SCALE 4:3 ES 
RELEASED 


ADD TOL TO R2.000; ADD NOTES 
04.05.31 | NEW ISSUE 
DESIGN 
| o r aara o par Meter 
sh [0187 


A 
HAWKESBURY, ONTARIO, CANADA 
THIS DOCUMENT IS PRIVATE AND CONFIOENTIAL DRAWING NO. REV. B 
p D2918 
R TE 


SHEET 1 OF 1 
DA! TITLE 
DART AEROSPACE LTD. 


07.02.19 SADDLE 


SCALE 
2:3 


Dart Aerospace Ltd 
WORK ORDER CHANGES 


Approval | Approval 
9 QC Inspector 


Part No: PAR #: Fault Category: NCR: Yes No DQA: Date: 


Resolution: Disposition: QA: N/C Closed: Date: 
WORK ORDER NON-CONFORMANCE (NCR) 


hee Corrective Action Section B Tx 
Description of NC — : m : Verification | Approval | Approval 
DATE | STEP Section A Initial Action Description Sign & Section C Chief Eng QC Inspector 
Chief Eng Chief Eng Date 


* NOTE: Date & initial all entries 
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DART AEROSPACE LTD SR-D209-669 
Page 12 of 17 


Bell saddles are held onto the crosstubes with 12 MS90354-1006 rivets but there is no friction force to resist 
twisting moments between the skidtube and the crosstube. 


Fsb := ncb-Fsul006 Fsb = 102000 *Ib Twisting force allowed before Bell saddle to 
crosstube rivets fail in shear 


Bearing of the Fasteners on the Saddle Material 
Ultimate Bearing Allowable 


Bud := Ff + ncd-ded-txf-Fbru3 Bud = 85836 *Ib Twisting force allowed before Dart saddles fail in 
bearing (ultimate) 


Bubl :=ncb-dcb-tmatf-Fbru4-ff Bubl =50819"*Ib Twisting force allowed before Bell fwd saddles 
fail in bearing (ultimate) 
Bub2 :=ncb-dcb-tmata-Fbru4-ff  Bub2 =63015*Ib Twisting force allowed before Bell aft saddles 


fail in bearing (ultimate) 
Yield Bearing Allowable 


Byd |= Ff + ned-ded-txf:Fbry3 Byd = 75882 *Ib Twisting force allowed before Dart saddles yield 
in bearing (yield) 


Byb1 := ncb-dcb-tmatf-Fbry4-ff Bybl = 37184 *Ib Twisting force allowed before Bell fwd saddles 
yield in bearing (yield) 
Byb2 :=ncb-dcb-tmata-Fbry4-ff  Byb2=46109-+lb Twisting force allowed before Bell aft saddies 


_ yield in bearing (yield) 


Margin of Safety 


The above analysis shows that the Bell saddles will fail in bearing before the fasteners that hold the saddles 
onto the crosstubes fail. In the Dart configuration, the fasteners will fail in shear before the saddles will fail 
in bearing. 


MS6f := Et 1 MS6f = 1.14 Margin of Safety - Dart fwd saddle-to-crosstube 
Bybl fastener failure 

MS6a := Be 1 MS6a = 0.73 Margin of Safety - Dart aft saddle-to-crosstube 
Byb2 fastener failure 


7.4 Upper Saddle Strength Comparison CALC (s/ trå z0 AGS (was O 15) 


This calculation checks the strength of the saddle material through the critical cross section 
illustrated in Figure 5 of Reference 1. The estimates for the inertia values and the area of this 
cross section are also shown in the Reference section. 


Lf ele — ctubefwd Lf = 2.61 *in Dart forward saddle flange length 

2 1» 

_ld | 54.11, 

La := — - ctubeaft La —2.50*in Dart aft saddle flange length 

2 
CGxf := ctubefwd + 0.5-Lf CGxf = 2.69 *in Dart forward Center of Gravity of flange 
CGyf := ctubefwd + tf + E CGyf= 1.60 *in Dart forward Center of Gravity of rib 
CGxa ‘= ctubeaft + 0.5-La CGxa = 2.75 "in Dart aft Center of Gravity of flange 
CGya :=ctubeaft + i£ + 2 CGya = 1.71 *in Dart aft Center of Gravity of rib 

2 
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Isxf = 15.15*in* 


£ 
4 
2 
Isyf 77 [(ctubefwd + tf)’ — ctubefwd"| + 2- EL + 1.5-twtrf.CGyf + Lftf: z p H | Isyf = 225*in* 


Asf = m (ctubefwd + tf)? - ctubefwd | + 4-1 Lf + 2-1.5-tw-trf 


Isxa := | (etubeaf + ta)’ - ctubeafi| + 4- Lat + teleco 


Isya =. (ctubeat + ta)! - ctubeaft* | +2: ls + 1.5-tw-tra-CGya? + Lf tf E + s| | 
2 


Asa | (ctubeaft + ta)? - ctubefwd? | +4-ta-La + 2-1.5-tw-tra 


Asf =3.47*in" 
. 4 
Isxa = 21.17 vin 


2 
= Isya = 3.59 in? 


Asa = 5.75 *in? 


The inertias of the Bell saddles are based on the circular cross section shown in Figure 3 of Reference 1. 


Iof = qa [ (ctubefwd + tmatf)^ — ctubefwd!] 


Abf := mel (ctubefwd + tmatf)” — ctubefwd | 
Iba := qa [ (ctubeaft + tmata)* - ctubeafi | 


Aba := mel (ctubeaft + tmata)? - ctubeaft? | 


Ultimate Bending Allowable 


Mdufl ‘= Ftu3-Isxf:2 
Ld 
Mduf2 = Ftu3-Isyf 
ctubefwd + txf 
Mdual := Ftu3-Isxa:2 
Ld 
Mdua2 := Ftu3-Isya 
ctubeaft + txa 
Mbuf := Ftu4-Ibf ff 
ctubefwd + tmatf 
Mbua ‘= Ftu4- Iba. ff 
ctubeaft + tmata 
Ms7f:= Mdufl _ 
. uf 
MS7a :=Mdual , 
Mbua 
Msgr = Mdu2 _ y 
Mbuf 
Mss, = Mdua2 _ y 
Mbua 


Mduf1 = 159024 *Ib-in 
Mduf2 = 57167 *Ib-in 
Mdual = 222239 "lb: in 
Mdua2 = 83040 *Ib-in 
Mbuf = 45392 *Ib-in 


Mbua = 66227 *lb-in 


MS7f =2.5 


MSTa = 236» 
MS8f - 0267 


MS8a wd 


Ibf = 1.2*in" 


Abf = 1.14*in? 
Iba = 1.92 *in? 


Aba = 1.54 *in? 


Bell forward saddle inertia 


Bell forward saddle area 


Bell aft saddle inertia 


Bell aft saddle area 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for fwd 
saddle 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for aft 
saddle 


Bell bending allowable for forward saddle 


Bell bending allowable for aft saddle 


Margin of Safety - Dart fwd-aft bending allowable 
for forward saddle (ultimate) 


Margin of Safety - Dart fwd-aft bending allowable 
for aft saddle (ultimate) 


Margin of Safety - Dart inboard-outboard bending 
allowable for forward saddle (ultimate) 


Margin of Safety - Dart inboard-outboard bending 
allowable for aft saddle (ultimate) 
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Compressive Yield Bending Allowable 


Máycfl := Fcy3-Isxf-2 
Ld 
Mdycf2 ‘= __Fey3-Isyf _ 
ctubefwd + txf 
Máycal := Fcy3-Isxa-2 
Ld 
Mdyca2 VE _Fey3-Isya_ 
ctubeaft + txa 
Mbyf := Fcy4-Ibf ff 
ctubefwd + tmatf 
Mbya := Fcy4-Iba- ff 
ctubeaft + tmata 
so := Mdycfl | 
Mbyf 
Ms9a := Mdyeal _ y 
Mbya 
Ms10f;= MdycR _ , 
Mbyf 
MS10a :=Mdyea2 , 
ya 


Tensile Yield Bending Allowable ` 


Máytfl := Fty3-Isxf-2 
Ld 
Mdytf2 := SY 
ctubefwd + txf 
Máytal := Fty3-Isxa-2 
Ld 
Máyta2 := Fty3-Isya 
ctubeaft + txa 


Mdycfl = 132520°lb-in 


Mdycf2 = 47639 *Ib-in 


Mdycal = 185199 *Ib-in 


Mdyca2 = 69200 *Ib-in 


Mbyf = 41202 -Ib-in 


Mbya = 60114 *Ib-in 


MS9f = 2.22 
AS 
MS9a e. 
MS10f = o 
MS10a — 0.15 


Måytf1 = 132520*lb.in 


Mdytf2 = 47639 *Ib-in 


Mdytal = 185199-Ib-in 


Måyta2 = 69200 *Ib-in 


SR-D209-669 
Page 14 of 17 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for fwd 
saddle 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for aft 
saddle 


Bell bending allowable for forward saddle 


Bell bending allowable for aft saddle 


Margin of Safety - Dart fwd-aft bending 
allowable for forward saddle (compressive yield) 


Margin of Safety - Dart fwd-aft bending 
allowable for aft saddle (compressive yield) 


Margin of Safety - Dart inboard-outboard bending 
allowable for forward saddle (compressive yield) 


Margin of Safety - Dart inboard-outboard bending 
allowable for aft saddle (compressive yield) 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for fwd 
saddle i 


Dart fwd-aft bending allowable for forward saddle 


Dart inboard-outboard bending allowable for aft 
saddle 
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Mitre PODER... Mbyf=39107"Ib:in ^ Bell bending allowable for forward saddle 
ctubefwd + tmatf 
Mbya := SPA. Mbya = 57057 *lb-in Bell bending allowable for aft saddle 
ctubeaft + tmata 
Msiif. Mdytfl _ y MS11f=2.39 Margin of Safety - Dart fwd-aft bending 
Mbyf allowable for forward saddle (tensile yield) 
MSlla May -1 MS1 1a =2.25 Margin of Safety - Dart fwd-aft bending 
Mbya pt. allowable for aft saddle (tensile yield) 
MS12f : JJ. 1 MS12f = 0.22 Margin of Safety - Dart inboard-outboard bending 
Mbyf a allowable for forward saddle (tensile yield) 
MS12a MOE. 1 MS12a =0.21 Margin of Safety - Dart inboard-outboard bending 
Mbya Pd allowable for aft saddle (tensile yield) 


Shear Allowable 


Fsudf := Fsu3- Asf 
Fsuda := Fsu3- Asa 


Fsubf := Fsu4- Abf- ff 
Fsuba := Fsu4- Aba- ff 


Fsudf 


Fsudf = 93782 *Ib 
Fsuda = 155204 *Ib 


Fsubf = 40101 «Ib 
Fsuba = 54078 ‘lb 


Dart shear force allowable 
Dart shear force allowable 


Bell shear force allowable for forward saddle 
Bell shear force allowable for aft saddle 


MS13f:- —— - 1 MS13f = 1.34 Margin of Safety - Dart shear allowable for fwd 
Fsubf ae saddle 
MS13a: 5 hands -1 MS13a = 1.87 Margin of Safety - Dart shear allowable for aft 


Fsuba eet saddle 


[NS STI 
2 mv 2 fe er pt 


It is an important aspect of skidtube design that the structure maintain its shape to preserve inertial 
properties. Experience has shown that round tubes lose at least 10% of their primary inertial properties 
under bending conditions. 


fb :=0.90 


Secondly, the analysis of section 7.4 shows that Dart saddles are significantly stiffer than Bell saddles in 
the principal skidtube bending direction therefore increasing the rigidity of the supports in a beam 
analysis. In terms of bending moments resulting from a centrally located load P over a beam of length L, 
a pinned-pinned beam must be designed for bending moments of the magnitude PL/4 while a fixed-fixed 
beam must be designed for bending moments of the magnitude PL/8. The allowable bending moments in 
a pinned-pinned beam are therefore half of the allowable bending moments in fixed-fixed beam. Because 
of the difference in end conditions between a Dart skidtube and a Bell skidtube, a reduction factor will be 
applied to the allowable bending moments in Bell skidtubes. 


8.0 Skidtube Comparisons 


8.1 General Information 


69. NT 


fe :=0.90 
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